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abstract 

OBJECTIVE 


To  evalviate  the  protection  afforded  against  ballisti''.  attack  by  two 
T77  oscillating  turret  body  castings. 

SUiaftJlY 

The  two  T77  oscillating,  turrets  were  subjected  to  resistance-to- 
penetration  tests  iTith  9Qmiri  and  76inm  armor  piercing  projectiles  at^ 
various  angles  of  attack.  In  addition  a  study  was  made  of  the  possibility 
of  keying  the  tuirret  with  small  arms  fire  and  the  chance  of  passage  of 
fragments  into  the  turret  through  the  opening  betv/eon  the  turret  body  and 
the  skirting  ring,  A.lso  a  wooden  wedge  was  placed  hand-iaght  between  the 
turret  body  and  the  skirting  ring  to  determine  whether  oscillation  could 
be  hindered  by  objects  of  this  nature.  Gross  weight  of  the  castings  vfa? 
checked. 


CONCLDSION 


The  cast  armor  of  vdiich  these  turrets  were  composed  v;as  sound^  but 
the  weight,  29,250  pounds,  coupled  ivith  the  ease  with  v/hich  the  turn’d t 
oscillation  could  be  iramobiliced  makes  their  adoption  for  use  on  combat 
vehicles  somewhat  questionable. 

RECQL-IMENDATION 


In  view  of  the  previously  enumerated  deficiencies,  no  further 
consideration  be  given  totiurds  adopting  the  T77  oscillating  turrets  in  thoir 
present  design  for  use  on  present  day  armored  combat  vehicles. 
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CONFIDENTIAL 


I.  INTRODUCTION 


A.  DISCUSSION 

1,  The  interest  displayed,  in  recent  years,  in  the  oscillating 
type  of  tank  turret  has  been  fostered  by  certain  desirable  design  features 
which  should  add  to  its  effectiveness  in  combat.  The  basic  principle  of 
operation  of  the  oscillating  turret  is  that  the  oscillating  crew  compartment, 
which  mounts  the  weapon,  moves  in  elevation  and  depression  on  two  trunnion 
pins  anchored  to  a  ring  surrounding  the  base  of  the  oscillating  section. 

With  this  up-and-down  oscillation  motion  the  gun  moves  with  the  turret  and 
■will  always  recoil  into  the  same  space  in  the  crew  compartment  thereby  mak¬ 
ing  the  use  of  automatic  loading  devices  practical.  Another  theoretical 
advantage  of  the  oscillating  tTirret  is  that  with  the  recoil  of  the  weapon 
confined  to  a  given  area  the  size  of  the  turret  could  be  reduced,  thereby- 
resulting  in  a  lower  silhouette  and  possibly  desirable  weight  savings. 

2.  Previously  six  T69  oscillating  turrets  were  submit-ted  by  tto 
Rheems  Manufacturing  Company  to  -bhe  Proving  Ground  for  a  series  of  ballistic 
tes-bs.  These  -fces-ts  included  resistance— to-pene-tra-td-on,  keying  and  locking 
from  small  arms  fire  of  close  tolerance  surfaces,  and  the  possibili-ty  of 
blast  and  fragments  entering  the  turret  be-tween  -the  oscillating  section  and 
■the  skirting  ring.  These  tests  vrere  completed  and  the  results  published  in 
Armor  Test  Report  No.  AD-1186  titled  "Investigation  of  the  Vulnerability 
to  Ballistic  Attack  cf  Oscillating  Tank  Turrets". 

3,  The  results  of  these  tests  indicated  certain  design  weaknesses 
inherent  wi-th  the  T69  oscillating  turret.  Some  of  -the  deficiencies  noted 
were  (1)  a  low  level  of  pro-tec tion  furnished  by  the  area  under  the  gun 
shield  opening  -when  at-tacked  with  projectiles  of  the  90niDi  AP  T33  and  90nim 
H7AP  M304  class  j  (2)  a  direct  flank  attack  on  -the  -trunnion  assembly  wi-th 
the  90iiim  AP  T33  projectile  at  2000  fps  resul-ted  in  severe  damage  to  the 
trunnion  bearings  preventing  further  eleva-tion  and  depression  of  the  gun; 

(3)  the  close  tolerance  be-tween  -the  skirting  ring  and  oecilla-ting  section 
was  undesiiable  due  to  the  petaUULng  from  armor  piercing  projectiles  ex¬ 
tending  over  the  skirting  ring  and  hindering  further  depreBsion  of  -the  gun; 

(4)  also,  this  same  opening  between  the  skirting  zing  and  oscillating 
section  was  extremely  vulnerable  to  fragments  and/or  blast  from  small  arms, 
fragmen-tation  grenades ,  and  37mm  HE  projectiles  en-tering  the  interior  of 
the  tuzTet  when  a  nylon  splash  shield  "was  not  present  "to  trap  these  frag¬ 
ments  and  blast. 

4.  Recently  -two  oscillating  -turrets  T77  -were  subjec-ted  to 
ballistic  tests  at  the  Proving  Ground.  These  turrets  -were  designed  by 
the  Rheems  Manufacturing  Company  and  theoretically  incozrpora-bed  the 
recommendations  made  by  -the  Proving  Ground  in  armor  test  Report  No.  AD- 
1186.  These  -tes-ts  have  been  comple-ted  and  are  -the  basis  of  this  report. 
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II.  DESCgUPnON  OF  IftTEEIEL 


A .  MA.TEEIEL  TESTED 


Tiro  cast  oscillating  turrets  for  the  LZCtam  gun  deroloped  by 
Rheems  Manufacturing  Company;  test  turiret  No»  1,  casting  Serial  No.  1;  and 
test  turret  No.  2,  casting  Serial  No,  3. 

B.  GUNS  AND  TUBES  USED 

1,  Gun,  90nim,  T125,  No.  4  urith  Tubes  9Qnim,  T125,  No,  38645 

2,  Guns  76inms  T91E3,  No.  336s  -with  Tube,  76inm,  T91E35  No.  24235 

3.  Guns  37taii,  lOAlj  No.  8649,  T»ith  Tube,  37Etmi,  lOAl,  No.  12CX)06 

4.  Rifle,  AcoToracy,  Mann  Type,  Caliber  .50s  No.  170  with  Receiver 
No.  46, 

C.  AinCJNITION 

1.  Shot,  APs  9Ctom,  T33E7  with  Windshield,  Lot  RTQ-4-16 

2.  Shot,  H7AP,  90inm5  M304  with  Windshield,  Lot  YEU-3-4 

3.  Shot,  AP,  76mm,  Tl2aB6  with  Windshield,  Lot  NSC-5-50 

4.  Shell,  H.E.,  3’5tam,  M54  with  Fuze,  PD,  M56,  Lot  LOD-SR-3 

5.  Bullet,  AP,  Caliber  .50  M2,  Lot  -  Stock 

6.  Grenade.  Hand.  Fragmentation,  MK2  (TNT  Loaded)  without  fuze, 

Lot  IS-SR-7 


III.  DETLIIS  OF  TEST 

A.  PROCEDURE 

1.  Prior  to  all  testing,  the  two  oscillating  turrets  were 
measured  for  thickness  by  means  of  a  supersonic  reflsctoscope.  The  turrets 
were  marked  off  in  approximately  10*’  x  10”  squares  and  numbered  for  future 
refer  once.  A  smooth  spot  was  ground  as  close  to  the  center  of  each  square 
as  surface  conditions  would  pennlt  so  that  ail  measurements  could  be  taken 
with  the  ref lectoscope .  One  measuremsnt  was  made  in  each  block  and  a  list 
of  these  measurements  may  be  found  for  each  turret  in  the  Aberdeen  Proving 
Ground  Physical  Test  laboxatory  Report  contained  in  Appendix  B. 
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2o  During  the  ballistic  tests,  each  casting  -was  mounted  on  a 
large  turntable  to  allcnr  -Uie  turret  to  be  revolved  so  as  to  present  the 
desired  angle  of  attack  „  Each  txirret  ims  attacked  frontally  and  at 
various  flank  angles  measured  from  the  longitudinal  aads  of  the  tunret, 

3„  The  protection  ballistic  limit  criterion  aas  used  as  a  basis 
for  all  testing.  This  criterion  defiiaes  a  complete  penetration  as  one 
ehere  -Uie  projectile  in^ct  causes  metal  to  be  displaced  from  the  back  of 
the  plate  or  the  condition  -where  projectile  fragmen-ts  pass  beyond  -the  back 
of  the  pla-be.  A  partial  pene-tration  is  defined  as  one  which  does  not  meet 
•the  reqtiirements  for  a  comple-be  penetration  defined  above.  In  -besting 
these  -turrets  a  the  number  of  rounds  irhich  could  be  fired  was  limited  by 
the  size  of  tha  armor  area.  Ballistic  limits  were  therefore  deteimined 
by  averaging  -tha  -veloci-ties  of  a  comple-te  pene-tration  and  a  partial 
penetra-tion  -which  -were  generally  not  more  than  50  feet  per  second  apart. 

B.  R^ULIS 

The  comple-be  round-^jy-round  results  for  each  -turret  -tes-ted 
nay  be  found  in  Appendix  C.  In  -view  of  the  fact  that  each  of  the  two 
■turrets  -were  -bested  using  a  different  9Ctam  projectile  'the  results  for 
each  casting  will  be  treated  separately. 

1.  The  following  -tabula-tioi  summarizes  -the  ballis-tic  limits 
obtained  on  the  T77  turret,  Seilal  No.  1. 


TURHBT  MOUBL 
AND  N131IBBR 

T77  -  No.  1 


SUMMdPI  OF  RESULTS 


CONDITION  OF  ATTACK 


AVQ  moracTioN 
THICENESS  BAL.II1IIT 
inches  fpe 


90Mm  AP 


ProJec-bile 


Direct  Frontal  Attack  -  Right  side  5.17*'  305^ 

30®  Flank  Attack  -  Left  side  2,74“  2786 

Direct  Frontal  Attack-  Under  Gun  Shield  No  Pro-beo-tion  Bal. 

opening  limit  obtained-  low 

CP(P)  =  2228 

iCm.  AP  T12aE6  Projeo-bile 


60®Flank  At-back  -  Ri^t  side-  on  bustle  3.04“  2626 

60®Flank  At-tack  -  Left  side-  on  bus-ble  No  Pro-bec-tion  Bal. 

limit  obtained-  ffi.gh 
PP(P)  =  3049 

90°  Flank  At-back-  Right  side-  on  bus-ble  3. ID"  1426 

90°  Flank  At-tack-  Left  side-  on  bustle  3.22"  1553 
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2,  In  addition  to  subjecting  the  above  turret  to  the  referenced 
resistance  to  penetration  tests  several  phases  of  testing  were  conducted 
to  investigate  the  entrance  of  fragments  between  the  turret  body  and  skirt¬ 
ing  rings  the  keying  or  locking  of  close  toleranced  surfaces  by  small 
arms  firee 


5o  Prior  to  detonating  any  HE  shells  or  grenades  the  opening 
between  the  tiarret  body  and  skirting  ring  was  enclosed  with  tin  foil  to 
check  the  extent  to  which  fragments  could  enter  the  inside  of  the  tiirret 
throvigh  this  opening.  In  this  phase  three  MK  2  Fragmentation  Grenades  and 
two  57™i  HE  M5U  projectiles  were  detonated  around  the  circiimference  of  the 
turret.  Each  round  succeeded  in  completely  destroying  the  tin  foil  on 
detonation^  indicating  a  very  hazardous  opening  between  the  two  main  parts 
of  the  turret. 

i+o  Eight  rounds  of  caliber  ,50  AP  were  fired  against  txjrret 
No,  1.  None  of  the  rotinds  idiich  impacted  \mder  the  gun  shield  opening  gave 
enough  petalling  to  hinder  the  operation  of  the  turret.  One  round  which  was 
fired  from  a  direct  rear  attack  into  the  close  toleranced  surfaces  between 
the  trunnion  bearing  faces  completely  jammed  the  oscillation  of  the  turret, 

A  drawbar  strain  gauge '^reading  of  7U8U  lbs,  was  obtained  with  the  projectile 
core  locking  the  txirret.  In  a  free  lift  after  the  core  was  cut  out  a  reading 
of  6073  lbs,  was  obtained  with  the  same  gauge, 

5,  Each  of  the  four  rounds  of  9Ctam  AP  T33E7  projectiles  fired  so 
as  to  impact  in  the  area  vinder  the  gun  shield  openings  with  the  turret  in 
siaximum  elevation,  resulted  in  complete  immobilization  of  turret  oscillation. 
Projectile  fragments  from  the  first  round  lodged  between  the  turret  body  and 
skirting  ring  so  ti^tly  the  body  could  not  move,  A  drawbar  strain  gauge 
reading  of  9375  lbs,  was  recorded  but  no  movemeirt  of  the  tinrret  was  noted. 

The  three  remaining  impacts  resulted  in  face  petalling  extending  over  the 
skirting  ring  making  it  impossible  to  depress  the  turret  before  this  petalling 
was  removed  with  a  cutting  torch, 

6,  Both  of  the  trvmnion  bearings  were  subjected  to  a  90°  flank 
attack,  measvired  90°  off  the  longitudinal  axis  of  the  turret,  with  the  90nim 
AP  T33  projectile.  !Ihe  right  trunnion  cap  was  impacted  at  a  striking 
velocity  of  2007  fps.  The  turret  was  iimnobillzed  with  no  apparent  damage 
on  the  interior.  The  left  trunnion  was  impacted  at  a  striking  velocity  of 
2001).  fps.  An  oil  leak  around  the  truzmlon  hub  on  the  Interior  was  noted. 

The  t\u*ret  was  immobilized  by  this  impact.  Photograph  B18291  depicts 
typical  damage  to  the  bearings  as  a  result  of  these  impacts, 

7,  The  following  tabulation  sunniarlzes  the  ballistic  limits  ob¬ 
tained  on  the  T77  turret.  Serial  No,  3* 


The  drawbar  strain  gauge  was  positioned  vertically,  and  attached  to  the 
ventilator  opening  on  the  roof  of  the  turret  bustle. 
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SUMMARY  OF  RESULTS 


TURRET  MOREL 
AND  NUMBER 

CONDITION  OF  ATTACK 

AVG. 

THICKNESS 

inches 

Protectioi 
Bal.  limit 
fps 

T77  -  No.  3 

90mm  H7AP-  M304  R^ojectile 

II 

Direct  Frontal  Attack-  Right  Side 

4.20 

3534 

II 

30®  Flank  Attack-  Left  side 

3.00 

2880 

II 

Direct  Frontal  Attack-  Under  Gun  Shield 

opening 

No  BL(P) 
Low  CP(F) 

obtained 
-  1976 

8.  As  "With  tttrret  Noo  Ij  several  phases  of  testLug  irere  con¬ 
ducted  on  turret  Noo  3  to  investigate  the  possibility  of  fragnent  entrance 
between  the  turret  body  and  skirting  ring  and  the  keying  of  the  turret  by 
small  arms  fire<, 

9.  Again;  the  opening  between  the  turret  body  and  the  skirting 
ring  was  enclosed  with  tin  foil  to  measure  the  extent  to  idiich  fragments 
■'ould  enter  the  tvirret  through  this  opening  by  blast  of  H  E  rounds  or  hand 
grenades,  Thr^e  MK2  Fragments tiiMi  Grenades  and  two  3?nm  HE  M54  projec¬ 
tiles  were  detonated  around  the  cirvjumference  of  the  turret.  Each  round 
completely  destroyed  the  tin  foil;  again  indicating  a  very  hazardous 
opening  between  the  two  main  parts  of  the  ttoret, 

10.  Six  rounds  of  caliber  .50  AF  M2  were  fired  against  turret 
No.  3.  None  of  the  rounds  idiioh  impacted  under  the  gun  shield  opening 
produced  enou^  petaUing  to  hinder  the  operation  of  the  turret.  One 
round  was  fired  from  a  direct  rear  attack  into  the  close  toleranced  surface 
between  ihe  trunnion  bearing  faces  of  the  turret  body  and  skirting  ring. 

This  round  completely  immobilized  the  oscillation  of  this  turret.  A 
drawbar  strain  gauge  reading  of  9450  lbs.  was  recorded  with  the  projectile 
core  locking  the  two  surfaces  together.  A  strain  ^uge  reading  of  6375  ^Lbs 
was  obtained  with  the  core  removed* 

U.  Each  of  tbs  four  rounds  of  90mn  HVAF  projectiles  which 
Impacted  in  the  area  under  the  gun  shield  opening;  with  the  turret  in 
maxinium  elevation;  resulted  in  coG^^lete  immobilization  of  the  turret 
oscillwtiono  The  petaUing  on  the  face  of  the  casting  resulting  from 
these  impacts  extended  over  the  skirting  ring  making  deptresslon  of  the 
turret  body  impossible  until  these  petals  were  burned  off  with  a  cutting 
torch. 


12.  Both  of  the  trunnion  bearings  were  subjected  to  a  30®  flank 
attack;  measured  30®  off  the  longitodinEil  axis  of  the  tuxret,  with  the  90mm 
AP  T33E7  projectile.  The  left  bearing  was  Impacted  at  a  striking  velocity 
of  2011  fps  and  the  ri^t  bearing  at  a  striking  velocity  of  2029  fps.  No 
interior  damage  was  noted  on  either  impact  and  there  was  no  hindrance  to 
the  movement  of  the  turret  due  tc  these  two  impacts. 
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Co  ORSfiRVATIONS 


1  The  T77  oecillating  turret,  eerial  No.  1,  eas  veighed  at  the 
Pn>ving  Ground  and  a  eeight  of  29.250  Iba.  reoorded  . 

2  In  an  effort  to  dotemlne  the  vulnerabUity  of  the  W  tu^t 

2.  in  an  el  .  two-foot  long,  narrowly-tapered,  oaken 

design  to  nondestructive  attack,  turret  body  and  the  skirting  ring, 

vredge  was  inserted  hand  impossible  with  the  equipment  on  hand  to 

“S^SrollSS.Iow^rrrootid  probable  prevent  each  i™,biliaatlon. 

TV ■  conclusions 

Based  upon  the  results  of  this  test  it  is  oonolud.d  that: 

A.  No  excessive  ba^P-Ume  -  craving  the 

S%^3ecfuer'ih'“-bl”«  'S^rnaor  in  these  areas  vas  sound  and  provided 
a  satisfactory  limit  of  protection. 

•  thp  dikirtlng  ring  and  turret  body  casting 

B.  The  ’■brge  openi^^brt^en  th^  into  the  fighting  conpart- 

presents  an  opening  for  ^  oscillating  turret  indicate  that  a 
X;ri"i  “d^X  apiash  shield  can  effectively  protect  against  nost 

of  this  danger. 

-  1,4-  r  4-vio  hare  castings  of  the  turret  and  skirting  ring, 

Ce  The  wei^t  of  ^eXgn  impractical  for  adoption  for  any 

29  250  lbs,  would  make  this  turret 
of  the  present  day  armored  combat  vehicles , 

.  1  -110+ -ion  of  the  T77  turret  can  be  prevented  by 

D,  The  vertical  oscillation  bearing  surfaces,  by  90ram 

small  arms  fire  which  c^  key  opening,  and  by  foreign  objects 

ra'c:f  in'bbf  ^Sg"n\rt^;r.t  bofy  casting  and  th.  shirting  rang. 
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V.  RECCaMENIATIOMS 

Based  upon  the  results  of  this  test  it  is  recommended  that: 

In  vien-  of  the  excessive  wei^t  of  the  castings  and  the  vulner¬ 
ability  of  the  turret  to  various  forms  of  ballistic  attack)  no  further 
efforts  be  made  towards  adopting  the  T77  oscillating  twnseb  UpTStta  present 
design  for  use  on  pi*esent'  day  anflored  combat  vehicles. 


SBBUITTED: 


/■?.  chyL- 

1VILLIAM  B.  FRYE  f 
Ordnance  Technician 


HETIERSD : 

WTT.TTAM  C.  FI2SS 
Chief 

Anaor  Branch 


HMHIT  L.  ROSDBffiG  IJ 

Chief  >  Azncr  and  Ammunitltls 
Effeotivenees  BivisLon 


APTROTEDx 


Assistant  Idrector 
Engineering  Testing 
Development  and  Proof  Services 
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HEFSIENCES 


Amor  Test  Report  No.  AD-1186  entitled, 

"Inrostigation  of  the  Vnlneiabillty  to  Ballistic  Attack 
of  Oscillating  Tank  Torrets.” 
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Ordnance  Tank  -  Automotive  Ccmmand 
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Commanding  Officer 
Watertown  Arsenal 
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APPENDIX  A 


2d  Ind  (C) 


RSBoone/gac/53749 


ORDTT-CVS-3 

00/5C-23500  ^ 

STBJECT:  Ballistic  Test  of  OscilOatiiig  Turrets  -  T77  (U) 

Are(C)  451*6/62 

•pt  j  rPTi  Of  TRishington  25*  D.  C.,  5  December  1955 

TO:  CGj  Aberdeen  Proving  Groimd,  Maryland 

1,  It  is  requested  that  balliatic  tests  of  IJZO-ma  McilJating 
turrets  be  conducted  as  outlined  in  basic  letter,  idth  ^  weptlon 
that  tests  should  be  limited  to  those  necessary  for  enral^tlon  of 
those  aspects  that  are  peculiar  to  the  oscillating  type  turret* 

Za  Charges  for  this  irork  should  be  made  against  Project  TT1“5, 
Prioril^  1C. 

BT  COUULND  OF  IBLJCR  GENERAL  CDIOCNQS: 


7 

1  Incl 
n/c 

CC:  CG,  Ord  Tank-Autnnr  Comd 
(Attn:  OUnC-BCMB) 


H.  N.  BRomsaN 
Lt  Col,  Ord  Corps 
Assistimt 

/s/ 

J,  F.  SHOMLim 
Lt  Col,  Ord  Corps 
Assistant 


RECfflADING  DLTA  CANNOr  BE  HffiDETEaiffNED 
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^  Ordnance  Corps  (S7)  O^pO  23500 

DETROIT  ARSEMLL  47t).4/Det,Ars„ 

2851  VAN  DYKE  AVENDE  (19  Oct  55  )C 

CENTER  UNE,  MICHIGAN 
PHONE  JEFFERSON  6-5000 

IN  REPIY  Dars.  47D,4/OCO(19  Oct  55)0  AHFisher/ims/24-106 

REFER  TO  CRDMX-ECMB 

APG(C)  45I06/62  OCT  19  1955 

SUBJECTS  BallistLc  Test  of  Oscillating  Turrets  —  T-77  (U) 

THRUs  Cosmuandlng  General 

Ordnance  Tank-AutomotiTre  Conmand 

1501  Beard 

Detroit  9  3  MLchigan 

TOs  Chief  of  Ordnance 

Department  of  the 
Washington  25,  D.  C. 

ATTENTIONS  CRDTT-CVS-3 

1.  Based  on  the  results  of  firings  on  the  T-69  oscillating  turrets  as 
reported  in  Aberdeen  Proving  Gro'und  Armor  Test  Report  #ftD-1186,The  Rheem 
Manufacturing  Company,  Incorporated  has  designed  a  new  oscillating  turret 
(T-77)«  This  new  turret  incorporates  the  recommendations  of  the  Proving 
Ground  to  provide  improved  ballistics  and  increased  fragment  resistance#  At 
the  pr'esent  time  tviro(2)  T-77  turrets  are  at  the  Proving  Ground  awaiting  test. 

2,  A  vulnerability  determination  of  these  turret  bodies  at  various 
attat^k  conditions  is  recommended  with  firings  to  be  conducted  with  follow¬ 
ing  ammunition:  9Qnm  AP  shot5T33j  9Ctam  H7AP  projectile ,M3045  76iim  AP  shot, 
T12aB6j  and  caliber  #50  AP  bulletjlC#  It  is  suggested  that  the  Proving 
Ground  compare  the  T77  with  the  T69  model  and  determine  the  nTtniminn  number  of 
fii'lngs  which  will  pi^ent  an  adequate  ballistic  analysis  of  this  turreto 

3#  The  following  outUxic  is  suggested  for  the  tests  emplojing  9Qinm 
projectiles : 

a.  Attack  frontally  in  the  running  position#  Fire  at  exposed  side 
areas  and  armor  around  gun# 

b«  Attack  30  degrees  from  longitudinal  axis  in  running  position  - 
fire  at  all  eotpoein’es  presented  by  turret  sides  Item  both  rJ,ght  and  left 
flank  attack# 

4,  The  following  outline  is  suggested  for  the  tests  enploying  75mm  AP 
prcjectilssi 
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OEUBJX-ECMB 

STBJBCT:  Ballistic  Test  of  Oscillating  Turrets  —  T-77(U)  OCT  19  1955 

a.  Attack  60  degrees  from  the  longituxJinal  axis  in  running  posi¬ 
tion  -  fire  at  all  exposures  presented  by  turret  sides  from  both  flanks. 

b.  Attack  90  degrees  from  longitudinal  axis  in  running  position  - 
fire  as  in  paragraph  4a. 

5,  as  the  T69  turrets  irere  very  vulnerable  in  the  trunion 
area,  it  is  sviggested  that  these  areas  be  subjected  to  9Qmni  AP  projectile 
impacts o 

6.  It  is  also  suggested  that  the  clearances  between  the  ring  area  and 
the  turret  area  be  again  tested  for  splash  and  keying  to  determine  whether 
the  deficiencies  have  been  improved  over  the  earlier  versions, 

7  In  tb'i  g  partic\ilar  test  only  two  (2)  turrets  have  been  submitted 
for  tests;  it  is,  therefore,  recommended  that  the  maxiimm  number  of  tests 
with  "Uie  nriiriTmun  number  of  rounds  be  conducted, 

8.  Sufficient  notification  to  all  interested  parties  shall  be  given 
by  the  Proving  Ground  in  order  that  observers  may  be  present. 

9,  The  recoraaanded  time  for  coopletion  of  this  test  is  90  da^ 
receipt  of  directive.  The  number  of  progress  reports  to 

be  determined  by  the  Proving  Ground.  The  final  report  should  be  dis^buted 
in  aocordnnce  with  the  attached  list.  However,  if  Office,  Chi^  of  Ordnance 
so  chooses,  any  additions  or  deletions  nay  be  made  at  their  discretion. 

10.  If  olarlftoation  or  expansion  of  this  program  is  des^d,  it  is 
reccmmended  that  further  ooBjaunioation  with  this  Arse^  be  init^te^  The 
details  concerning  the  actual  rounds  to  be  fired  or  the  number  of  balletic 
limits  to  be  determined  shall  be  made  by  the  Proving  Ground.  Upon  carnation 
of  all  balllstio  teste,  this  Goverasent  property  may  he  disposed  of  in 
aocordanoe  with  existing  regulations. 

FCE  THE  COmilLllliniG  QFFICrat 


1  Inol 

1.  Proposed  Distribution  list 


J.  B.  HLIBS 
Assistant 


Aberdeen  Frov  Ground 
ATTH*  ORIBO-DP-TT 

ICr.  W.  C.  Flees 
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,  (S7) 

00/5C  23500  3 

CRIMJ-R  1st  Ind  (U) 

JArs  470o4/X0(19  Oct  55)C 

SUBJECTS  Ballistic  Test  of  Oscillating  Turrets  —  T-77  (U) 

470.4/Det  Ars  (19  Oct  55)C 
Hq.,  Ordnance  Tank-Automotive  Ccramandj  I5OI  Beard,  Detroit  9j  Michigan 
25' October  1955 
AK}(C)  45I06/62 

TOs  Chief  of  Ordnance,  Dept  of  the  Army,  Washington  25,  D.  C« 

ATTNs  CRDTT-<3VS-3 


Outline  of  ballistio  test  of  T-T?  is  forvra,rded  for  concurrenee  and 
appropriate  action* 


FCR  THE  CQIMNDING  GENEEALs 


3 

(37) 

1  Incl 
n/c 


h/ 

J.  A.  FINKEL 
Colonel,  Ord  Corps 
Assistemt 


3 
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HEA.DQIIARTERS 

(A6)  CF.DNR.NCE  aJUNK-AUTCMOTETB  nnMUANP 

BETEOrT  AHSEia.L  BSpiro/bg/24-106 

28251  VAN  Dm  AVENUE 
CENTSl  IINB)  mCEia&N 
01AC  400 •112/Aberdeen  Proving  Qround 
IN  HEPET  (16  Atig  56) 

REFER  TO 

CR11C-EU.1  16  Augoflt  1956 

APQ  470.5A82(1956) 

SUBJECT:  Ballistic  Testing  of  Oscillating  Turret  T  77 

TO:  Connanding  General 

Aberdeen  Proving  Qround 
Aberdeen^  UuTland 

ATTENTION:  CRIBG-DP-TT,  Mr.  T.  Pleas 

Due  to  -ttie  lack  of  funds  at  this  Coomand}  the  BalHatic  Testing  of 
Oscillating  Turret  T  77  program  should  be  terminated*  It  is  wquested 
that  the  oscillating  turret  castings  located  at  Aberdeen  Proving  Ground 
be  disposed  of  In  accordance  idth  AH  3d0‘^5» 

FOR  TBE  COIMLNDER: 


/s/ 

JOHN  P.  JONES 
Assistant 

CC 

C1U1C-RC.2 
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E1!G IiraERIKG  LABOW TORIES 
PHYSICAL  TEST  L/.EOllATORY  REFOr-CT 


APF’'FDTX  B 


B.  A.  No.  . 

Rcferencos 


ORDBC-DP-LP 

TEST  0F>  Report  No.  _ S^rjg^^ - 

Two  (2)  Oscillating  Tank  Sheot  Ji  ^  . — 

Turrets,  T77,  Serial  Nos.  1  and  3* 

lurrov-j,  ,  10  Fobininrv  1956 

OBJECT  OF  TEST»  ^  ,  u  ii 

-  Conducted  for  Mr.  V'.  rrve 

To  obtain  the  wall  thickness  >  ,  t> 

of  the  above  turrets  boforo  test  - Teminal  Ban.iatlcs  DiyLs^oP- 

Project  No.  TTl-5/15 _ 

q6B-6b6,15 

1.  Inatiomcntatioa: 

Rcferencos  None 

Reflectoscopc  and  calipers. 

2.  ProcoduroJ 

ft.  The  turrets  wero  narked  off  in  approximately  10"  x  10"  sections 
>.uJ  r;t-'.iberod  (soj  AEG  Photographs  B14480  thru  14485 >  Appendix  II). 

b  The  collpero  wore  used  in  obtaining  the  wall  thickness  where 
possible.  The  remaining  measurements  required  a  smooth  sM  to^  ^^d 
as  clos^  to  the  cantor  of  each  ooctlon  as  surface  condit^ns  would  permit 
so  lu.  ■.!.u.x;..cntn  could  bo  taken  with  the  reflectoscope.  One  measurement  was 

obtained  in  each  block. 

c.  Sections  169  to  196  inclusive,  are  located  on  the  skirt, 

due  to  the  contour,  exact  maximum  thickness  moasuremonts  could  not  be  obtained. 
Thicknesses  in  those  sections  should  be  considered  as  approximate. 

d.  Sections  with  letter  "A"  preceding  number  are  located  behind 
skirt  and  a  continuation  of  corresponding  number  in  photos, 

RLY3ULTS; 


1,  For  data  see  Appendix  I. 

2.  For  Photographs  see  Appendix  II. 


2  Incls. 

Appendix  I 
Appendix  II 

Approved:  - - 

/^iriT.  McKinley 
Uhief, 

Physical  Tes't  lAbora*oi*y« 


Signed! 


James  W,  Hornborger,  Jr^ 
ileasurements  , .  (V 
Branch. 
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Th^.cknese  Measurements  of  Oscillating  Tank  Turret,  No.  1 


Section  No. 

Section  No. 

ThicKnggfl 

Section  No. 

1 

6.22" 

36 

5.70" 

71 

3.50" 

2 

3.52 

37 

6.25 

72 

3.55 

3 

2.50 

38 

3.00 

73 

3.75 

4 

2.55 

39 

6.30 

74 

3.45 

5 

2.35 

40 

6.60 

75 

3.80 

6 

2.55 

a 

4.00 

76 

3.60 

7 

3.00 

42 

6.40 

77 

3.00 

8 

4.65 

43 

3.00 

78 

3.00 

9 

3.75 

U 

5.60 

79 

2.75 

10 

2.05 

45 

3.00 

80 

2.70 

11 

2.05 

46 

3.00 

81 

2.80 

12 

2.05 

47 

6.70 

82 

3.00 

13 

2.05 

48 

3.00 

83 

3.00 

14 

1.75 

49 

7.80 

84 

8.55 

15 

2.75 

50 

4.25 

85 

2.40 

16 

4.16 

51 

6.00 

86 

2.50 

17 

4.60 

52 

3.00 

87 

2.60 

18 

2.10 

53 

6.55 

88 

2.60 

19 

1.90 

54 

4.20 

89 

3.00 

20 

1.60 

55 

3.40 

90 

10.10 

21 

1.90 

56 

2.00 

91 

2.80 

22 

3.40 

57 

3.25 

92 

2.65 

23 

4.40 

58 

3.10 

93 

2.60 

24 

5.25 

59 

3.25 

94 

2.30 

25 

3.05 

60 

3.35 

95 

3.00 

26 

1.75 

61 

2.70 

96 

10.70 

27 

1.50 

62 

2.25 

97 

2.80 

28 

2.25 

63 

2.45 

98 

2.40 

29 

4.00 

64 

8.55 

99 

2.65 

30 

5.75 

65 

3.25 

100 

2.80 

31 

5.75 

66 

3.05 

101 

3.10 

32 

5.60 

67 

3.20 

102 

10.50 

33 

4.30 

68 

3.40 

103 

2.70 

34 

5.30 

69 

3.30 

104 

2.50 

35 

5.30 

70 

3.20 

105 

2.60 
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ThicVncne  Seotio;T  Wo. 


106 

2.60" 

136 

107 

2.70 

137 

lOS 

10.30 

138 

10<) 

2.60 

139 

110 

2.60 

140 

111 

2./.0 

141 

,1.]2 

2.45 

142 

113 

2.85 

143 

114 

10.05 

144 

115 

2.65 

145 

116 

2.25 

146 

1J7 

2.60 

147 

118 

2.65 

148 

119 

2.75 

149 

120 

9.15 

150 

121 

2.70 

151 

122 

2.30 

152 

1.23 

2.00 

153 

114 

2.10 

154 

125 

3-05 

155 

126 

2.90 

156 

127 

8.75 

157 

128 

8.75 

158 

127 

2.52 

159 

1.50 

2.10 

160 

131 

2.85 

161 

132 

2.20 

162 

133 

3. CO 

163 

134 

3.50 

164 

135 

2.60 

165 
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Snetion 

2.10" 

166 

2.40" 

2.10 

167 

2.30 

2.80 

162 

2.25 

2.70 

169 

3.20 

3.23 

170 

3. GO 

2.95 

171 

3.50 

3.10 

172 

3.30 

3.35 

173 

3.00 

3.45 

174 

3.20 

3.10 

175 

6.40 

3.45 

176 

8.00 

2.45 

177 

6.60 

3.30 

178 

8.30 

6.30 

179 

8.00 

9.15 

180 

5.00 

10.05 

181 

3.30 

10.30 

182 

3.00 

10.50 

183 

3.25 

10.70 

184 

3.00 

10.10 

185 

4.60 

2.65 

186 

3.00 

2.65 

187 

3.80 

2.50 

188 

4*40 

2.50 

189 

5.60 

1.95 

190 

8.10 

1.90 

191 

3.40 

1.85 

192 

6.60 

2.45 

193 

6.15 

2.40 

194 

4.60 

2.45 

195 

5ol5 

196 

4.15 

Behind  Skirt 


:tlon  No. 

Front 

Thi cknoss 

34  A 

5.20" 

36  A 

5.45 

38  A 

4.40 

41  A 

5.90 

43  A 

3.90 

45  A 

3.65 

46  A 

3.05 

51  A 

4.00 

52  A 

3.95 

53  A 

4.95 
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Sootlon  No. 

Back 

ThlcVnoss 

77  A 

3.05" 

78  A 

3.10 

85  A 

2.55 

91  A 

2.80 

97  A 

2.85 

103  A 

2.80 

109  A 

2.70 

115  A 

2.65 

141  A 

3.00 

146  A 

3.40 

Serial  No,  3 


Back 

Front 

Section 

Section 

Section 

Section 

Mi _ 

Thlcknoafi 

No.-  ■ 

Thicknona 

_ 

Ihickneos 

_ 

Thickneaa 

151 

10.20" 

181 

3.25" 

77  A 

3.60" 

34  A 

5.60" 

152 

10.25 

182 

3.00 

78  A 

3.30 

36  A 

5.80 

153 

10.30 

183 

5.00 

85  A 

3.10 

38  A 

4.40 

154 

9.70 

184 

3.40 

91  A 

2.80 

a  A 

4.90 

155 

9.95 

185 

4.70 

97  A 

2.75 

43  A 

4.00 

156 

2.80 

186 

3.10 

103  A 

2.50 

45  A 

3.90 

157 

2.80 

187 

3.40 

109  A 

2.65 

46  A 

3.00 

158 

2.75 

188 

5.60 

115  A 

2.60 

51  A 

4.05 

159 

2.60 

189 

7.00 

141  A 

2.95 

52  A 

4.15 

160 

2.05 

190 

5.80 

146  A 

4.00 

53  A 

5.20 

161 

2.00 

191 

8.70 

162 

2.00 

192 

8.00 

163 

1.45 

193 

7.00 

164 

1.45 

194 

6.00 

165 

1.40 

195 

7.60 

166 

2.35 

196 

3.35 

167 

1.35 

168 

2.U 

169 

7.20 

170 

3.20 

171 

3.00 

172 

3.35 

173 

3.20 

174 

3.35 

175 

7.30 

176 

10.40 

177 

5.50 

178 

5.75 

179 

10.95 

180 

5.50 
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APPENDIX  C 


T77  OSCIIIATING  TURRET 
Serial  No.  1 
PHASE  I 

UK  2  Fragmentation  Grenade  -  Lot  No,  LS-SR-7 

Grenade  No.  2  -  Grenade  placed  on  dividing  line  of  Areas  177  and 
178  on  skirting  ring  cdrectly  under  gun  shield  openingo  Turret  at  0° 
Elevation.  Foil  completely  destroyed. 

Grenade  No.  2  —  Grenade  placed  on  dividing  line  of  Areas  177  and 
178  on  skirting  ring  directly  under  gun  shield  opening.  Turret  at  max¬ 
imum  elevation.  Foil  completely  destroyed. 

Girenade  No.  3  -  Grenade  placed  on  dividing  line  of  Areas  115  and 
121  on  skirting  zing  on  the  Ri^t  Rear  Side  of  Turret  under  bustl'e. 

Foil  completely  destroyed. 


HiASE  H 

37inm  H.  E.  M54  Splash  Test 

Round  No.  1  -  Hit  on  the  dividing  line  of  Areas  42  and  44  on  the 
center  line  of  tuiret  directly  beneath  the  gun  shield  opening.  Turret  at 
0°  obliquity  -  Foil  completely  destroyed. 

Round  No,  2  -  RLt  on  dividing  line  of  Areas  43  and  45  on  the  center 
i-infl  of  turret  directly  beneath  the  gun  shield  opening.  Turret  In  nsx- 
imorn  elevation.  Foil  completely  destroyed. 


PHASE  in 

Caliber  ,50  AP  M2  Keying  Test 


Round  No.  1  - 
gun  shield  opening. 


Hit  In  Loirer  Ri^t  comer  of  Area  43  directly  under 
Some  petalling  -  No  hixidrance  to  turret  movement. 


Round  No.  2  - 

gun  shield  opening. 


Hit  in  lower  left  comer  of  Area  45  directly  under 
Some  petalling  -*  No  hindrance  to  turret  movement. 


Round  No.  3  “  Hit  in  Lower  Left  comer  of  Area  54  -  90®  Flank 
Attack.  Some  petalling  emd  cratering.  No  hindrance  to  turret  movement. 


Round  No.  4  -  Hit  in  Lower  Eight  comer  of  Area  54  -  90®  Flank 
attack  -  some  petalling  -  No  hindiance  to  turret  movement. 


Round  No,  5  -  Disregard. 

Round  No.  6  -  Fired  from  a  direct  frontal  attack  on  the  left  side 
straight  into  the  opening  between  the  Trunnion  Face  on  the  turret  and  skirt¬ 
ing  ring  -  Small  fragment  lodged  in  this  opening.  No  damage  to  mobility  of 
turret. 
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Round  No,  7  -  Disregard. 

Round  Noo  8  -  Fired  from  a  direct  rear  attack  on  the  Right  Side 
straight  into  the  opening  between  the  trunnion  face  on  the  turret  and  skirt¬ 
ing  ring.  Projectile  iredged  between  machined  face  on  skirting  ring  and  into 
same  surface  on  turret.  Draw  bar  strain  gauge  reading  7484  Ubs  pull  to  move 
turret*  6073  lbs,  pull  reqviired  to  move  turret  with  projectile  cut  out. 


PHLSE  IV 


Direct  Frontal  Attack  -  Right  Side 


gOmm.  AP  T33E7 

Rd,  No.  1  Velocity  3056  fps  Partial  Penetration 

Hit  at  Junction  of  Areas  24*  25,  30,  39.  Average  Thickness  -  SoOS*'. 
Scoot  on  face  8  1/4*’  x  6",  -  No  face  cracks  ~  Rear  surface  Slight  Bulge. 
2  1/2"  Horizontal  crack  -  Two  3/4"  vertLoal  cracks. 

Rd,  No,  2  Velocity  3059  fps  Complete  Penetration 

Hit  in  Area  24.  Average  thickness  =  5*25",  Scoop  on  face  9”  x  6  1/2", 
No  face  cracks  -  Rear  siarface  -  medium  bulge  3"  Horizontal  crack  -  1"  Verti¬ 
cal  crack  -  3/4"  x  3/4"  Back  spell  disj^oed, 

*  Protection  Ballistic  limit  =  3058  fps,  using  Rounds  1  and  2  based  on  an 
average  thickness  of  5.17", 


PHASE  V 

30^  Front  Attack  -  Left  Side 
90nii  AP  T33E7  Projectile 

Rd,  No,  3  Velocity  3069  fpe,  Conqplete  Penetration 

Hit  in  Area  23  •  Average  thickness  *  4«40" .  Scoop  on  faoe  8  1/4^  x  6" . 
Opening  on  face  4"  x  3  3/4",  No  face  cracks  -  Roar  surface  SD  5  13 A6"  x 
4  1/8",  Pun.  0,  4  3/8"  x  3  n/lfr”  -  No  cracks, 

Bd.  No.  4  Velocity  2867  fps.  Complete  Penetration 

Hit  on  dividing  line  of  Areas  29  and  49.  Average  •tiiioknees  =  5*90". 
Scoop  on  face  8  1/8"  x  6  1/4".  Projectile-in-plate .  Rear  surface  -  Exit 

diameter  5"  x  4  7/8"  -  No  cracks. 

Rdo  No,  5  Velocity  2638  fps.  Partial  Penetration 

Hit  on  dividi^  line  of  Areas  22  and  29,  Average  thidkness  =  3.70". 
Scoop  on  face  7  1/4"  x  5",  No  face  cracks  -  Rear  surface  -  Ifodium  biuge. 

No  cracks. 


C-2 

CONFIDENTIAL 


CONFIDENTIAL 


Rd«  No«  6  Disregard 

-«•  Rd.  No,  7  VelodLty  2819  fps.  Complete  Penetration 

Hit  in  Area  22,  Average  thickness  =  3.40'‘.  Scoop  on  face  9  1/2"  x  4". 
Opening  on  face  4"  x  3  1/2" «  No  face  cracks.  Rear  surface  -  £hd.t  diameter 
5  9/16"  X  4  1/2",  Punching  Out  4"  x  3“.  No  cracks. 

Rd,  No»  8  -  Disregard 

*  Rd,  No,  9  Velocity  2752  fpe.  Partial  Penetration 

Hit  on  dividing  line  of  Areas  21  and  28,  Average  thickness  =  2,08" , 
Scoop  on  face  15"  x  4",  No  face  cracks.  Rear  surface  -  large  Bxilge. 

9  1/2^  Vertical  crack, 

*  Protection  Ballistic  limit  =  2786  fps,  using  Rds,  No.  7  and  9,  Based 
on  an  average  thickness  of  2,74". 

The  f oUoffing  t»ro  rounds  were  fired  into  the  same  general  area  to 
confirm  the  above  Ballistic  limit, 

Rd,  No,  10  Velocity  2823  fps.  Complete  Penetration 

Hit  in  Area  16,  Average  thickness  =  4,16",  Scoop  on  face  8  1/4"  x 
5  3/4",  Opening  on  face  4  1/4"  x  4",  No  face  cracks  -  Rear  surface  - 
EhcLt  diameter  4  1/2"  x  4  3/8*' «  Punching  Out  4  1/8"  x  3  l/4".  No  cracks, 

Rd,  No,  11  Velocity  2735  ips.  Partial  Penetration 

Hit  in  Area  15,  Average  thickness  =  2,75",  Scoop  on  face  10  3/4"  x 
3  7/8",  No  face  cracks  -  Rear  surface  -  Slight  bulge.  No  cracks. 


PHASE  VI 


Direct  Frontal  Attack  -  Under  Gun  Shield  Opening 
9Ctam  AP  T33B7  Projectile 
Turret  at  Ma-rimitn  KLevmtion 

Rd,  No,  12  Velocity  2279  fps.  Partial  Penetration 

Hit  on  dividing  line  betireen  Areas  45  and  46,  Average  thickness  =  3,00" 
Scoop  on  face  10"  x  7",  No  face  cracks.  Rear  surface  -  Medium  bulge  - 
3"  Vertical  ciack  -  Numerous  hair  cracks  -  Projectile  fragments  lodged 
between  turret  and  skirting  ring.  Drawbar  strain  gauge  reading  of  9375 
lbs,  failed  to  move  turret, 

Rd,  No,  13  Velocity  2315  fps.  Complete  Penetration 

Hit  in  Area  45,  Average  thickness  =  3,00".  Scoc^  on  face  8"x  5". 

Pe tailing  extending  2"  overlapping  skirting  ring.  Impossible  to  depress 
turret  -  Projectile  in  plate  -  Rear  surface  -  Punching  Out  5^3c  5"  -  No 
cracks  on  rear. 
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Rd.  No,  14  Velocity  2228  fps.  Complete  Penetration 

Hit  in  Area  42,  Average  thickness  =  6.40”.  Scoop  on  face  6  l/4"  x  5“. 
Opening  on  face  5"  x  3  1/4",  retailing  extends  2“  overlapping  skirting  ring. 
Impossible  to  depress  turret  -  Rear  sojrface  —  Exit  diameter  6"  x  5  13/16”. 
Puncliing  Out  3  l/2"  x  3  1/2"  -  No  cracks  on  rear. 

Rd,  No,  15  Velocity  2093  fps.  Partial  Penetration 

Hit  in  Area  41,  Average  thickness  =  4,00"  Scoop  on  face  6  1/4"  x  4  1/2". 
retailing  extends  3  1/2"  overlapping  skirting  ring.  InipoBsible  to  depress 
ttirret,  -  Rear  surface  “  large  B\:ilge  “Y*‘  crack  7"  x  2  1/2", 

■ii-  No  Protection  Ballistic  limit  obtained  -  LcJir  complete  penetration  = 

2228  fps. 


PHASE  VII 

90°  Flank  Attack  -  Left  Side 
90mm  AP  T33E7  Rrojectila 

Rd.  No,  16  Velocity  3072  fps.  Partial  Penetration 

Hit  in  Area  182,  Average  thickness  =  3,00",  Scoop  on  face  8"  x  5  1/4". 
Splatter  on  turret  -  Uo  damage  to  movement  of  turret, 

Rd.  No.  17  Velocity  2004  fps.  Partial  Penetration 

Hit  on  left  trunnion  cap,  Sco<^  11  3/4"  x  6  1/2"  -  Part  of  Trunnion 
cap  displaced  -  Turret  locked  in  position  -  oil  leak  arovmd  trunnion  nut 
on  interior  of  turret. 


PHASE  VUI 

90°  Flank  Attack  —  Right  Side 
90PPI  AP  T33S7  Projectile 

Rd.  No.  18  Velocity  2007  fpe.  Partial  Penetration 

Hit  on  ri^t  trunnion  cap.  Scoop  x  5  1/2",  Turret  Immobilized  - 
No  damage  on  interior. 
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PHftSE  IX 

60°  Flank  Attack  ~  Right  Side  -  on  Buatle 
76nnn  AP  H23B6  Projectile 

Rdo  Noo  1  Velocity  25O8  fpe.  Partial  Penetration 

HLt  on  dividing  line  of  Areas  145  and  I48e  Average  thicloiess  =  3020”  o 
Scoop  on  face  9  1/4”  x  4”,,  No  face  crack-  Rear  Surface  -  Slight  bulge  - 
No  cracks. 


2  Velocity  2675  fps.  Partial  Penetration 

Hit  on  dividing  line  of  Areas  136  and  139,  Average  thickness  -  2,40”, 
Scoop  on  face  10”  x  31/2”,  No  face  crack  —  Rear  suz^face  —  Medium  bulge  - 
2”  X  1  1/2”  back  spa?A  displaced. 

*  Rd,  No,  3  Velocity  2624  fps.  Partial  Penetration 

Hit  in  Area  143,  Average  thickness  =  3 035”,  Scoop  on  face  9  1/2”  x  4”. 
No  face  cracks  -  Rear  surface  -  Slight  bulge  -  no  cracks. 


Rd,  No,  4  Velocity  2628  fps.  Complete  Penetration 

Hit  on  dividing  line  of  Areas  137  and  140,  Average  thickness  -  2,78”. 
Scoop  on  face  10  1/4”  x  3  1/2”,  No  face  cracks  -  Rear  surface  -  Punching 
Out  3”  X  2”,  ^ 


No,  5  Velocity  2596  fps,  partial  Penetration 

Hit  in  Area  133,  Average  thickness  =  3,00”,  Scoop  on  face  9  1/2”  x 
3  3/4”,  No  face  cracks.  -  Rear  surface  -  Slight  bulge.  No  cracks. 

♦Protection  Ballistio  limit  =  2626  fps.  using  Rounds  3  and  4  based  on  an 
average  thickness  of  3,04”, 


PHASE  I 

90°  Flank  Attack  -  Left  Side 
76inm  AP  T128S6  Projeotila 
Rd,  No,  1  -  Disregard 

*  Rd,  No,  2  Velocity  1519  fps.  Partial  Penetration 

Hit  on  dividing  line  of  Areas  65  and  71,  Average  thickness  =  3,38”, 
Scoop  on  face  3”  x  3”,  No  face  cracks  -  Rear  surface  -  Madiim  bralge  - 
One  1/2”  crack. 
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Rdo  No,  3  Velocity  1586  fps.  Complete  Penetration 

Hit  in  Area  66,  Average  thickness  =  3o05"  -  Projectile  eltaick  in  face  - 
Rear  surface  “  Punching  Out  2  1/2”  x  2  1/2'*, 

Rd.  No,  4  Velocity  1506  fps.  PartiAl  Penetration 

Hit  in  Area  72,  Average  thickness  =  3*55”<.  Scoop  on  face  3”  x  3".  No 
face  cracks  -  Rear  surface  -  Medim  bulge,  3  1/2”  vertical  crack, 

*  Protection  Ballistic  limit  =  1553  fps.  using  Rounds  2  and  3  based  on 
an  average  thickness  of  3<>22”. 

PHASE  g 

90°  Flank  Attack-  Ri^t  Side  -  76nnn  AP  T128E6  Projectile 

Rd.  No,  1  Velocity  1406  fps.  Partial  Penetration 

Hit  on  dividing  line  of  Areas  142  and  145.  Average  thickness  =  3ol0". 
Scoop  on  face  3"  x  3".  No  face  cracks  -  Rear  surface  -  Medium  bulge, 

"Y”  Crack  1"  x  1  3/4"  x  2  1/2”, 

Rd,  No,  2  Velocity  1446  fps.  Complete  Penetration 

Hit  on  dividing  line  of  Areas  142  and  145.  Average  thickness  =  3*10”. 
Scoop  on  face  3"  x  3”,  No  face  cracks  -  Rear  surface  -  Medium  bulge.  large 
'.rack  4”  long  3/4"  viide.  Fragments  displaced, 

■a-  Protection  Ballistic  limit  =  1426  fi)S.  using  Rounds  1  and  2  based  on 
an  average  thickness  of  3,10'’ • 


PHASE  m 

60°  Flank  Attack  -  Left  Side 
76cbii  AP  T128E6  Projectile 

Rd.  No,  1  Velocity  2671  fpe.  Partial  Penetration 

Hit  on  dividing  lino  of  Areas  68  and  74.  Average  thickness  =  3«43”. 
Scoop  on  face  7  5/8'»  x  4  1/2”,  No  face  cracks  -  Rear  surface  -  Medium  bulge 
4”  Crack, 

Rd.  No,  2  Velocity  2806  fps.  Partial  Penetration 

Hit  on  dividing  line  of  Areas  67  and  68,  Average  thickness  =  3,30** . 
Scoop  on  face  8  1/4"  x  4  l/2”.  No  face  cracks  -  Rear  surface  -  Medium  bulge, 
"X"  Crack  1"  x  2", 

Rd.  No,  3  Velocity  2859  fps.  Partial  Penetration 

Hit  in  Area  69.  Average  thickness  =  3*30".  Scoop  on  face  9"  x  4  1/2”. 
No  face  cracks  -  Rear  surface  -  Small  bulge.  No  cracks. 
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Rd,  No,  4  Velocity  3049  fps  Partial  Penetration 

Hit  on  dividing  line  of  Areas  68  and  69.  Average  thickness  =  3*35“  • 
Scoop  on  face  8  3/4**  x  5”.  No  face  cracks  -  Rear  surface  -  Medium  bulge. 
Irregular  shaped  crack  2  3/4'’, 

Rd,  No.  5  Velocity  2682  fps  Partial  Penetration 

Hit  on  dividing  line  of  Areas  69  and  70,  Average  thickness  =  3«25**. 
Scoop  on  face  9  1/2”  x  4  1/2”,  No  face  cracks  -  Rear  surface  -  Ifedium 
bulge  -  4”  Crack, 

Rd,  No,  6  Velocity  2653  fps  Partial  Penetration 

Hit  in  Area  68.  Average  thickness  =  3.40”,  Scoop  on  face  9  1/2”  x 
4  1/4”,  No  face  cracks  -  Rear  surface  -  Small  Btilge,  No  cracks. 

*  No  Protection  Ballistic  limit  obtained.  High  partial  penetration  = 

3049  fps.  based  on  an  average  thickness  of  3.35". 
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T77  OSCIIIATING  TURRET 
SERIAL  No.  3 

PHASE  I 

MK2  FRACaENIATION  (glENADE  -  Lot  No.  ia-SR-7 

Grenade  No.  1  -  Grenade  ms  placed  on  the  dividing  Hwa  of  Areas  177 
and  178  on  the  skirting  ring  directly  tinder  the  gun  shield  opening.  Turret 
ms  at  0®  elevation.  Foil  ms  cciapletely  destroyed. 

Grenade  No#  2  —  Grenade  ms  placed  in  the  upper  center  portion  of 
Area  176  on  the  skirting  ring  beloir  and  to  the  left  of  the  gun  shield  open- 
xnge  Turret  ms  at  0°  elevation#  Foil  ms  completely  destroyed. 

Grenade  No#  3  “  Grenade  ms  placed  on  the  dividing  line  of  Areas  191 
and  192  on  the  skirting  ring  beloir  the  rear  portion  of  the  turret  under  the 
bustle.  Turret  ms  at  0®  elevation#  Foil  ms  completely  destroyed. 


PHASE  n 

3*itain  H.  E.  M54  -■  Splash  Test 

Rd.  No#  1  -  Hit  at  the  loner  intersection  of  Areas  42  and  44  on  the 
turret  directly  beneath  the  gun  shield  opening#  Turret  ms  at  0°  obliquity. 
Foil  ms  completely  destroyed. 

Rd.  No.  2  -  Hit  at  the  lower  intersection  of  Areas  44  and  47  on  the 
turret  beloir  and  slightly  to  the  right  of  the  gun  shield  openingo  Turret 
ms  at  0®  elevation.  Foil  ms  completely  destroyed# 

PHASE  III 

Caliber  #50  AP  M2  -  Keying  fast 

Rd.  No#  1  -  Hit  in  loner  right  comer  of  Area  43  directly  beneath  the 
gun  shield  opening#  There  ms  some  petalUng,  but  it  did  not  hinder  the 
turret  movement.  Turret  ms  at  naiimam  elevation# 

Rd.  No#  2  -  Hit  in  loner  center  portion  of  Area  45  directly  beneath  the 
gun  shield  opening#  There  nas  some  petalllngy  but  not  enough  to  hinder  the 
mcfTsment  of  the  turret.  Turret  ms  at  maxintum  elevation# 

Rd,  No.  3  -  Disregard 

Rd,  No.  4  -  Disregard 
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Rd.  No.  5  *•  Hit  in  lonrer  ri^t  corner  of  Area  54  -  90®  flank  attack 
on  the  left  side  of  the  turret.  There  Ytas  some  petalling,  but  not  enough 
to  hinder  the  movement  of  the  turret. 

Rd,  No,  6  -  Fired  from  a  direct  rear  attack  on  the  right  aide  straight 
into  the  opening  between  the  trunnion  face  on  the  tuiret  and  skirting  ring. 
The  projectile  wedged  between  the  machined  faces  on  the  skirting  ring  and 
tvLrrnt.  Drawbar  strain  gauge  reading  of  9450  pounds  pull  to  move  the  turret. 
After  the  projectile  was  removed)  6375  pounds  of  pull  was  roq^uired  to  move 
the  turret. 


PHflSE  IV 


Direct  Frontal  Attack  -  Right  Side 
90mm  HVAP  M304 

Rd.  No,  1  Velocity  35i3  fps  Partial  Penetration 

ffl-t  in  left  side  of  Area  24.  Average  thickness  =  5*35".  Scoop  on 
face  11  1/2”  X  5  l/2*’.  No  face  cracks.  Rear  surface  -  medium  bulge. 

No  cracks, 

*  Rd.  No,  2  Velocity  3515  fps  Complete  Penetration 

Hit  on  line  between  Areas  24  and  25,  Average  thickness  =  3,05“ . 
Scoop  on  face  U  7/8**  x  6"  -  entrance  diameter  =  3  1/2"  x  3",  Rear 
surface  -  punching  effect  4  1/2"  x  3  1/4", 

Rd,  No,  3  -  Disregard 

*  Protection  Ballistic  limit  =  3514  fps ,  using  rounds  5  and  6  based  on 
an  average  thickness  of  4,20", 


PHASE  V 


30®  Front  Attack  -  Left  Side 


9Ctam  HVAP  M304 

*  Rd,  No,  1  Velooity  2895  fpe.  Complete  Penetration 

Average  thickness  =  2,45”  -  Scoop  on  face,  8"  x  3",  extended  from  the 
center  to  the  upper  left  portion  of  Area  28  -  four  small,  face  cracks  about 
1"  in  length  -  entrance  diamBter  was  3  l/4"  x  1  3/4",  EXit  diameter 
4"  X  2  7/8"  -  one  2**  crack  below  exit  hole. 
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*  Rd,  Noo  2  Velocity  2^4  fps  Partial  Penetration 

Average  thickness  =  3o55'*.  Scoop  on  face,  7  l/4*’  z  3  3/4”,  hit  upper 
portion  of  Area  29  “  No  face  ci^acks  -  depth  of  penetration  =  1  3/4” «  Rear 
surface  -  slight  bulge  mth  a  Y-shai)ed  c.rack  not  greater  than  1”  in  length„ 

*  Protection  Ballistic  limit  =  2880  fps,  using  rounds  1  and  2  and  based 
on  an  average  thickness  of  3«00”. 


PHASE  VI 


Direct  Frontal  Attack  Under  Gun  Shield  Opening 
90nm  H7AP  1004 


Turret  at  MaxiiiTUffi  ElerTation 

Rdo  No,  1  Velocity  2031  fpe  Complete  Penetration 

Hit  in  lower  central  portion  of  Area  45.  Average  thickness  =  3 ©00”. 

S  i  'Op  on  face  =  3”  x  2  1/2”  -  entt'arL'se  «iiainbter  =  2  1/4”  x  1  3/4”,  Petalling 
n  Iwer  portion  of  entrance  ho.le  ~  No  fac;e  cracks.  Rear  surface  -  petalling 
-  eait.  diameter  =4  1/2”  x  3  1/4”,  Front  petalling  perraitted  the  turret  to 
CSC. ilia te  only  1/4  of  an  inch  before  being  keyed  to  the  skirting  ring, 

Rd,  No.  2  Vfel  >.dty  1925  fps  Partial  Penetration 

ffi.t  in  the  central  portion  of  Araa  42,  Average  thickness  =  T*,  Scoop 
!'jn  =  3  l/2”  X  2  1/8”  -  entran?9  dLametar  2  3/4”  x  2  1/8**  -  petalling 
or.  t'lwer  portion  of  entrance  hole.  Nose  of  ptr.’ojectlle  broke  and  remained 
in  the  turret.  Rear  sxarface  -  medium  ba1.ge  with  cracks  up  tc  3”  in  length, 
Fz'oz.t  petalling  permitted  the  turret  to  'i^scl-llate  6“  before  being  keyed  to 
the  skirting  ring. 

Rd,  Noo  5  Velocity  1976  fps.  Ccorplete  Penetration 

Hit  in  lower  Isft  comer  of  Ar^a  46,  Average  thiojmess  =  4,00”.  Scoop 
on  face  =  3  3/4"  x  3”  -  entrance  diameter  =  2  3/4”  x  2”  -  petalliiig  on 
lower  right  side  of  entrance  hole  -  face  cracking.  Rear  surface  -  a"Kit 
diameter  2**  x  2”  -  spalling  area  4”  x  3".  Front  petalling  permitted  the 
torret  to  oscillate  1  l/2*'  before  being  ksyed  to  the  skirting  ring. 

N  P;:'  tection  BaLlistio  limit  obtained  -  LcfW  oanplete  penetration  =  1976  fps. 
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PHLSE  m 

30**  FIANK  AmCK  -  lEFT  SIDE 
90nm  AP  T33E7 

Rd.  No,  1  Velocity  2011  fpe.  Partial  Penetration 

Hit  in  Area  183.  Average  thicloaess  =  5.00”.  Scoop >  U  1/2"  x  5  1/2" 
began  at  the  left  central  portion  of  Area  183  and  extended  to  the  right 
tin  it  affected  the  left  cap  by  displacing  it  1/2"  outaard  from  ite 
original  position.  Depth  of  the  scoop  iras  2",  Both  oap  screws  were 
sheared  off.  Oscillation  of  the  turret  was  not  hindered. 

PHLSE  VII 

30°  FIANK  ATTACK  -  RIGHT  SIDE 
90iam  AP  133E7 


Rd.  No.  1  Velocity  2029  Partial  Penetration 

Hit  in  Area  171.  Average  thickness  3*00".  Sooop»  11  7/8"  x  5", 
began  on  right  upper  portion  of  Area  171  a^  extonded  to  the  rl|^t  oap. 
Depth  of  Booop  was  1  3/4" «  Oscillation  of  the  turret  was  not  hindered. 

PHLSE  TUI 
WOODEN  ISDQB 


One  wooden  wedge  was  plaoed  by  hand  between  the  turret  and  sldrting 
ring  direotly  belcpw  the  gun  shield  hole.  The  results  proved  that  the 
wedge  sufficiently  keyed  the  turret  axid  skirting  xlng  and  prevented 
oscillation. 
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APPENDIX  D 


B18259:  View  of  trunnion  bearing  cap  on  right  side  showing  external  damage  after  being 
attacked  with  a  90mm  APT33  Projectile  at  a  striking  velocity  of  2007  fpa. 
Turret  immobilized  by  impact. 
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B18260:  View  of  trunnion  bearing  cap  on  left  side  showing  external  damage  after  being 
attacked  with  a  90mm  APT33  Projectile  at  a  striking  velocity  of  2004  fps. 
Turret  immobilized  by  impact. 
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B18291:  Photograph  of  interior  damage  to  the  left  trunnion  bearing  after  being  impacted 
with  one  90mm,  AP,  T33E7  Projectile  at  2000  fps  level.  (1)  Bearing  race 
ring  shattered  on  impact,  (2-3-4)  roller  bearings  shattered  on  impact,  (5-6) 
roller  bearing  deformed  on  impact. 
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B  18538:  Outside  view  of  the  left  side  of  the  turret  (front)  showing  impact  damage  of  ten 
76mm  AP  T128E6  projectiles.  Four  76mm  AP  projectiles  were  fired  at  0*^ 
obliquity  in  sections  65,  66,  71  and  11.  Hole  in  the  lower  right  corner  of  sec¬ 
tion  66  wa^  caused  by  a  disregarded  round.  Six  76mm  AP  projectiles  were 
fired  at  60  obliquity  in  section  67,  b8,  69,  70,  74  and  75. 
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B18539:  Outside  view  of  the  right  side  of  the  turret  (front)  showing  impact  damage  of 
eigh^t  76mm  AP  T128E6  projectiles.  Three  76mm  AP  projectiles  were  fired 
at  0  obl^uity  in  sections  142,  145  and  146.  Five  76mm  AP  projectiles  were 
fired  at  60  obliquity  in  sections  133,  1  36,  137.  139,  140,  143,  145  and  148 
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B18541:  Inside  view  of  the  left  side  of  the  turret  (rear)  showing  damage  of  nine  76mm 

AP  T128E6  projectiles.  Three  76mm  AP  projectiles  were  fired  at  0°  obliquity 
and  six  were  fired  at  a  60  obliquity.  A  tenth  round  was  disregarded  and  is 
covered  by  the  scale. 
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B18S42; 


:  Effect  of  two  90rT.m  AP.  T33  projectile  impacts  from  direct  front  against  the 


right  side  of  the  turret. 


Exterior  view. 
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Effect  of  eight  90mm  AP  T33  projectile  impacts  from  a  30  flank  against  the 
left  side  of  the  turret.  Exterior  view. 
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B18545;  Effect  of  two  90mm  AP  T33  projectile  impacts  from  direct  front  against  the 
right  side  of  the  turret.  Interior  view.  Arrows  point  to  the  locations  of  two 
cracks. 
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B18546:  Inside  view  of  the  right  side  of  the  turret  (rear)  showing  damage  of  eight  76mm 
AP  T128E6  projectiles.  Three  76mm  AP  projectiles  were  fired  at  0  obliquity 
and  five  were  fired  at  a  60®  obliquity. 
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B18547:  Effect  of  four  90inm  AP  T33  projectile  Impact*  from  direct  front  below  the  gun 
•hield  of  the  turret.  Exterior  view. 
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